Convergent regulation by ciliary neurotrophic factor and dopamine of tyrosine hydroxylase expression in cultures of rat substantia nigra.
Ciliary neurotrophic factor and dopamine were found to enhance the expression of tyrosine hydroxylase immunoreactivity in cultured neurons from the substantia nigra of 16-day-old rat fetuses. The number of tyrosine hydroxylase-positive cells decreased progressively to approximately 30% by 96 h. Treatment with 5 microM dopamine maintained the tyrosine hydroxylase-positive neurons at 60% for 48 h, but not for longer. Concurrent treatment with 5 microM dopamine and 20 trophic units/ml ciliary neurotrophic factor had a greater impact on tyrosine hydroxylase-positive cells, resulting in the maintenance of 70% of the initial number for up to 72 h, but not beyond that time. When dopamine or dopamine/ciliary neurotrophic factor treatments were applied for 24 h after a 48-h delay, the number of tyrosine hydroxylase-positive cells was restored to 60 and 80%, respectively, but not restoration was observed with 96-h delayed treatments. These results suggest that dopamine and ciliary neurotrophic factor, alone or in combination, are not able to support the survival of tyrosine hydroxylase-positive neurons, but reduce their apparent numerical loss by enhancing the expression of tyrosine hydroxylase. The effects of dopamine, alone or in combination with ciliary neurotrophic factor, were predominantly mediated by D2 receptors, since they were blocked by selective D2 receptor antagonists and since the D2 receptor agonist quinpirole was able to substitute for dopamine. The effects of dopamine and ciliary neurotrophic factor were similar in astroblast-rich and in astroblast-depleted cultures, suggesting that they were not mediated through glial cells. These results extend our previous observations on locus coeruleus cultures, in which the concurrent treatment with ciliary neurotrophic factor and norepinephrine was shown to enhance tyrosine hydroxylase expression (but not survival) of noradrenergic neurons. They also consolidate the view that ciliary neurotrophic factor and the neuron's own transmitter act in convergence and in an autocrine/paracrine mode as regulators of the corresponding neurotransmitter phenotype.